This paper assesses the potential of forest plantations in Sri Lanka consisting of teak, mahogany and two species of eucalyptus, to facilitate the conservation of biodiversity using two taxonomic groups, the plants and birds. Their diversity in plantations at a harvestable age were compared with that of a natural forest. Enumerations of plants and dbh/height measurements were conducted in quadrates, while avifauna was recorded along transects. Results show that plantation forests supported a reasonably rich community of both plants and birds, including natives and endemics. A large proportion of species were common to both plantations and natural forests indicating that plantations hold a subset of forest species. The presence of plants of various height and girth classes together with the high diversity and evenness values indicate that, although timber plantations are initially established as mono-cultivations, they facilitate the colonization of additional species. These findings thus demonstrate that forest plantations could make a significant contribution towards biodiversity conservation.
Introduction
Timber is one of the most important raw materials extracted from natural forests. The expansion of the human population and the resultant increase in the demand for this commodity has led to the destruction of large extents of natural forests in many parts of the world. The concept of forest plantations primarily evolved to meet the growing demand for timber. Worldwide, forest plantations cover less than five percent of the land area (about 187 million ha), but are able to meet 20 percent of the wood demand (Larsen, 2002) . In addition to playing an important role in meeting the global timber needs, and also to some extent the demand for fuel wood, forest plantations offer a wide range of other benefits. Plantations are ideal for sequestering carbon and hence could make a significant contribution towards mitigating adverse effects of global climate change (Sedjo, 2001; Stavins and Richards, 2005) . These man-made forests have been also used to stabilize fragile ecosystems such as sand dunes, and also for improving water quality and providing shelter for livestock (Gunatilleke and Gunatilleke, 1983; Rosomon, 1994; FAO, 2009) . It is also becoming increasingly apparent that forest plantations have a high conservation value. Forest plantations because they provide refuges for indigenous biotic elements, are frequently used to compensate for the loss of natural forests in both tropical and temperate countries (e.g. Sample, 2003; Barlow et al., 2007; Butler, 2007 , Cartledge, 2008 . Correspondence: mayuri@zoology.cmb.ac.lk Tel: +94 71446277 ISSN 2235 -9370 Print / ISSN 2235 Online ©2012 University of Sri Jayewardenepura Sri Lanka is a tropical island nation endowed with natural forests rich in biodiversity. Nevertheless, over the past few decades, trends in population expansion and economic development in the country have led to immense deforestation with the natural forest cover of 70 percent in 1900 having dwindled to less than 24 percent by 1992 (Mahindapala, 2001) . The remnant forests are severely fragmented and are threatened by encroachment and overuse (Marambe et al., 2006) . Forest plantations in Sri Lanka were established in the 1870s, and at present cover nearly 93000 ha and consist mainly of teak (Tectona grandis), mahogany (Swietenia macrophylla) and Eucalyptus species (Forest Department, 1999) . Since deforestation is one of the major causes of biodiversity loss in Sri Lanka (Mahindapala, 2001) , and since studies elsewhere have shown that forest plantations could support biodiversity, the present study attempted to assess the conservation value of these timber plantations.
Methodology

The study species
The four selected timber species, namely teak (Tectona grandis), mahogany (Swietenia macrophylla), Eucalyptus microcorys and Eucalyptus grandis are well established as plantation timber species in Sri Lanka. These species fetch a high economic value and are in high demand both in local and export markets. Teak was first introduced to the country from the Malabar Coast in 1680 as a species of commercial importance (Forest Department, 1997) . It is one of the outstanding timber species in the world on account of its valuable properties, notably durability, strength, moderate weight, stability and relative ease with which it can be processed. In Sri Lanka it is grown extensively in both the dry and intermediate zones. Mahogany was planted under the protective cover of an already established plantation or under natural forests (Thayaparan, 2000) . Its wood is used for decorative purposes and is grown in the intermediate and wet zones of Sri Lanka. Eucalyptus was among the first three exotics to be introduced to Sri Lanka to be raised as a forest plantation species. In Sri Lanka there are currently over 30,000 ha of eucalyptus plantations. Its wood was found to be very promising for use as railway sleepers and as industrial timber. Both E. microcorys and E. grandis thrive in the hill country.
Biodiversity assessments
The present study was conducted in [2008] [2009] . Three plantations over 10 ha in extent were selected for each of the four timber species from the two districts Kurunegala and Nuwara-Eliya in Sri Lanka, in which these species are commonly grown. These plantations had been originally established as monocultures and are managed by the Forest Department of Sri Lanka. All plantations selected for the study were of a harvestable age i.e. teak 30 years, mahogany 40 years and the two Ecucalyptus spp. 25 years. Four natural forests, one each for the four timber species, that was state protected and in close proximity to the timber plantations, was selected as the control site for comparing biodiversity. These natural forests are Kandapola and Ohiya in the Nuwara Eliya district and Maragala kanda and Galagedara in the Kurunegala district. In each of the plantations vegetation surveys were conducted in five 10 x 10 m quadrates (n=15 per timber species), randomly placed within the plantations but separated by a distance of at least 50 m. All individuals (other than those with dbh below 5 cm) were enumerated, and the dbh and height recorded. Five quadrates each were surveyed in the four natural forests.
Birds have been often used as indicators of human disturbance and habitat suitability (Canterbury et al,. 2000; Francl and Schnel, 2002) . Thus in the present study birds were selected as the indicator group to assess the conservation value of the forest plantations for fauna. Recording of avifauna was conducted along transects placed in the vicinity of the vegetation enumeration quadrates. Five 200 m transects (n=15 per timber species) were marked and birds observed or heard at 10 m intervals along transects were recorded. At each point recording was conducted for 10 minutes. Transects were walked on two days and twice a day i.e. between 0630 and 0930 hrs and between 1500 and 1800 hrs. Five transects were also surveyed in each of the natural forests.
For both plants and birds, species lists were constructed and the Shannon Weiner Diversity indices H'= -∑ pi.log pi where pi is the proportional abundance of each species were calculated separately for both plantations and the adjacent natural forests. Evenness values (J'=H'/H) where H = log S and S is the number of species found in the plantation/forest was also calculated.
Results
Overall, the results of the present study revealed that the plantation forests of all four timber species supported a considerable number of species of both plants and birds, although lower than that observed in the adjacent natural forests. Considering plant species, the plantations on average supported half the number of species as the respective natural forests. The plant species in the plantations contained trees and herbaceous species. Another noteworthy fact with regard to floristic composition is that plantation forests also supported a high number of endemic species (Table 1 ). The endemics recorded in the plantations are given in Appendix 1. In the case of teak, mahogany and E. grandis, over 90 per cent of the endemics recorded in natural forests were also recorded in plantations. With the exception of mahogany, all species recorded in plantations were also recorded in the natural forest. Trends in abundance show that the mean abundance of plants in the four natural forests was approximately two to three folds higher than that in plantations (Table 1) . Nevertheless it is apparent that plantations support a large density of plants which contained saplings of tree species. Despite the differences in species richness and abundance in flora between natural forests and forest plantations striking differences were not evident with respect to diversity. Apart from E. grandis where the most pronounced difference in diversity was evident, the diversity in other plantations was remarkably high (over 0.90). This together with the high evenness values for all timber species reveals uniform distribution with low numbers of dominant species indicating that these plantations harbour a rich community of other types of floral species in addition to the artificially established timber species. Figures 1 and 2 show the structure of plantations and natural forests in terms of height and dbh of the trees within the enumerated quadrats. Significant differences in abundance between plantations and natural forests were evident in some height or girth classes (t-Tests ; P<0.05). Nonetheless, it is clear that the overall pattern of distribution of plants in different height and girth classes in the plantation and natural forests are near similar. This is particularly evident in the case of both teak and mahogany where the lower height and dbh classes contain a relatively high numbers of individuals. and adjacent natural forests (grey).
Similar trends were evident with avifauna. The species richness of birds was higher in natural forests than that of plantations but the magnitude of this disparity was much lower than that observed for flora (Table 2) . For instance, the number of bird species in teak, mahogany and E. microcorys plantations were over half of that recorded from natural forests. With the exception of E. grandis where only 50 % of the bird species was shared with the natural forests, all species in the other three timber plantations was also recorded from the natural forest. In comparison to plants, both natural forests and plantations supported a sparse community of endemics with most of the species recorded in forests being also present in plantations. As with species richness, the abundance of birds was higher in natural forests than in plantations but the difference in abundance was of a lower magnitude as that observed for plants. The diversity and evenness of birds in plantations were comparable to that in natural forests indicting that the species found were relatively evenly distributed in both habitats. The endemics recorded in the plantations are given in Appendix 2. and adjacent natural forests (grey).
Discussion
The objective of this investigation was to assess the capacity of forest plantations containing four of the commonly grown timber species in Sri Lanka to facilitate the protection of the country's biodiversity. With respect to the two taxonomic groups under consideration, i.e. plants and birds, the results of the present study indicate that forest plantations have a reasonably high conservation value supporting the claim that these anthropogenic habitats in addition to its main role as a timber source, has the potential to function as a refuge for biodiversity.
The overall species richness and abundance of plants were lower in forest plantations than in the adjacent natural forests. This is to be expected since the plantations in comparison to natural forests are relatively young anthropogenic ecosystems, and are initially established as monocultures. This observation is consistent with those of other studies (Singhakumara, 1995; Yaron, 1998; Rhett, 2007) . Nevertheless, the present study shows that anthropogenic forests could also support a relatively rich community of forest plants and birds. For instance, all bird species recorded in teak, mahogany and E. microcorys as well as a significant proportion of those in E. grandis, were shared with the respective natural forest. A similar trend was noted for the plants suggesting that plantations supported a subset of forest flora and fauna. Furthermore, the anthropogenic habitats supported many endemic plants and some endemic birds enhancing their potential to act as refuges of biodiversity. With regard to plants, the fact that plantations supported species of plants of different height and girth is also noteworthy. These findings are especially significant given that these anthropogenic habitats are originally established as even-aged monocultivations, consisting plants of similar height and girth. The diversity of flora, to a E. grandis large extent, governs the richness of faunal species (Martin, 2001) . The higher diversity of plant species in natural forests creates greater habitat heterogeneity in turn supporting a richer faunal community (Ball et al., 1994) . Consequently, plantations in general supported a relatively lower diversity of plants and birds in comparison to the natural forests. Similar observations have been noted by others (E.g. Hartley, 2002; Lindenmayer and Hobbs, 2004) . Comparing the four timber species with respect to overall richness and abundance of flora, it is apparent that plantations containing eucalyptus species supported a relatively poor community of plants than teak and mahogany. Binkly and Stape (2004) noting similar trends attribute this species impoverishment to the rapid uptake of nutrients and water which prevents other species from becoming established. It is also said that the leaves of eucalyptus degrade slowly resulting in a lower amount of nutrients returning to the soil in the form of humus (Wilson, 1992; Martin, 2001) . Additionally, FAO (1998) reports that eucalyptus has a visible and scientifically established allopathic effect on other plants due to the emission of toxic compounds. As with the plants, the eucalyptus plantations in comparison to mahogany and teak also harboured a lower abundance of bird species. Bass et al. (1999) has documented that the abundance and diversity of mammals, birds and insects are considerably less in eucalyptus plantations. In addition to the loss of habitat heterogeneity, eucalyptus trees are not conducive for nesting birds because of the oily smell of the leaves (Roberts, 2002) .
The extent to which forests plantations may contribute towards biodiversity conservation will depend, however, on how plantations are managed. Frequent disturbance caused by short rotation, clear felling and herbicide spraying are reported to be detrimental to the biota inhabiting forest plantations (Rosoman, 1994) . Adopting suitable silvicultural measures would not only accelerate the establishment of species of both flora and fauna but also mitigate other adverse environmental impacts such as soil erosion and nutrient depletion (Gunatilleke and Gunatilleke, 1990) . Plantations if established in grasslands or croplands, or in severely degraded areas will facilitate the colonization of additional species since planting of trees tend to increase the vertical complexity of the landscape. Forest plantations established in close proximity to natural forests would particularly enhance biodiversity (Toma, 2004; Kanowski, 2005) . Colonization of additional plants or animals could be also accelerated if indigenous tree species are grown intermixed with timber crops (Webb et al., 1984) . It has been reported that such measures would also increase the productivity of the plantations (Bandarathilake, 1999).
Conclusion
The results of the present study emphasize the fact that forest plantations have the potential to function as a refuge for wild species. This is particularly so with teak and mahogany plantations than with the eucalyptus plantations which supported lesser numbers of both plants and birds. This is especially relevant for Sri Lanka, a small tropical island where a large proportion of its rich biodiversity is threatened as a result of the destruction and fragmentation of its natural forests. Today many of the country's natural forests exist as isolated fragments. Forest plantations may be of special significance in such fragmented landscapes, since they could serve as potential habitat corridors that form critical links between isolated forest fragments (Mackinnon et al., 1986) . The role of these man-made ecosystems in biodiversity conservation should therefore not be overlooked.
Appendix 1
Plant species richness recorded in plantation forests of the four timber species. Species richness recorded in a natural forest (NF) situated in close proximity to the plantations are also given for comparison.
Species
Teak Mahogany E. microcorys E. grandis 
